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Abstract Ordered mesoporous tin oxide and tin phos-
phate were successfully synthesized via two-step nano-
casting route. The SBA-15 silica and CMK-3 carbon were
used as hard templates. Powder X-ray diffraction, nitrogen
adsorption and transmission electron microscopy con-
firmed hexagonal mesoporous structure of resulted prod-
ucts. Mesoporous tin oxide indicated crystalline walls
(cassiterite). The mesoporous products showed consider-
able catalytic activity in propan-2-ol decomposition. The
tin oxide led the dehydrogenation towards acetone, while
mesoporous tin phosphate exhibited activity of acid sites
resulting in dehydration to propene.
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1 Introduction
Since the discovery of ordered mesoporous materials M41S
in 1992 [1], silica mesoporous molecular sieves, possessing
remarkably large internal surface areas and narrow pore
size distributions have become a widely explored due to the
potential application of these materials to use as adsor-
bents, catalysts and catalyst supports. In recent years, the
supramolecular templating pathway has been applied for
the synthesis of mesostructured metal oxides such as SnO2
[2], TiO2, ZrO2. More recently, several mesostructured and
mesoporous aluminophosphates with lamellar or hexagonal
structures have been investigated using cationic, anionic
and non-ionic templates [3]. Despite the great progress in
syntheses of novel ordered mesoporous materials, only a
few preparative approaches have been reported on the
synthesis of mesoporous transition metal phosphates,
including iron phosphate, tin phosphate [4, 5], titanium
phosphate [6] and zirconium phosphate. Most of these
mesoporous phosphates are prepared in hydrothermal
conditions with the aid of cationic surfactants. The main
drawback of non-silica mesoporous materials is that these
structures do not withstand a removal of the templates by
calcination or even milder procedures [7]. A hydrolysis and
polymerization of the transition metal precursors are not
easy to control and the resulting products often show
limited ordering and are thermally unstable [8]. The use of
mesoporous solid materials as hard template, which cast
the structure faithfully to the final product [9, 10] seems
very promising alternative.
Our earlier attempts to prepare mesoporous tin oxide
and tin-phosphate systems with conventional templates
resulted mostly in unstable products, whose pore ordering
deteriorated markedly upon thermal removal of the tem-
plate [11]. The ordered porous tin oxide or tin-phosphate
materials could appear very useful as potential catalysts or
electrode materials in Li-ion batteries [12]. Here, we
present a procedure based on the two-step nanocasting
route to prepare stable ordered mesoporous tin oxide and
tin phosphate, which are first ordered tin materials obtained
this way.
2 Experimental
Ordered mesoporous tin oxide and tin phosphate were
synthesized via two-step replication method using first the
mesoporous silica SBA-15 for preparing the mesoporous
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carbon CMK-3 and the latter as matrix for the formation of
tin bearing mesoporous products. Mesoporous SBA-15
silica was synthesized according to literature procedure
[13], with triblock copolymer Pluronic P123 as structure
directing agent and tetraethylorthosilicate (TEOS) as silica
source. The calcined SBA-15 material was then used as
template for the preparation of mesoporous carbon. Mes-
oporous carbon CMK-3 was prepared by means of proce-
dure reported by S. Jun et al. [14]. Calcined SBA-15
material was impregnated twice with aqueous solution of
sucrose containing sulfuric acid. The mixture was then
heated for 6 h at 100 C and then at 160 C for additional
6 h. The carbonization was completed by pyrolysis at
800 C for 1 h. The silica template was dissolved with 5%
HF solution. The resulted mesoporous carbon CMK-3 was
afterwards employed as a porogeneous agent for assem-
bling the mesoporous tin—phosphate materials. In a typical
syntheses 0.5 g of CMK-3 was dispersed in alkaline
aqueous solution (pH *8), containing 0.5 g of SnCl4
5H2O in the case of ordered SnO2 synthesis and 0.5 g of
SnCl45H2O with 0.14 g of 85% H3PO4 in SnPO synthesis.
The P/Sn molar ratio was 1 (estimated by ICP OES anal-
ysis). The mixture was stirred for 3 h at ambient temper-
ature and heated for 3 h at 40 C followed by 96 h at
80 C. Finally, carbon matrix was burned out at 500 C in
air for 4 h. The carbon content after calcination was 0.2%,
determined by elemental analysis.
The nature of catalytic active sites was estimated in
model test reaction for propan-2-ol decomposition. Propan-
2-ol decomposition was conducted at 230 C in a pulse
microreactor combined with GC (Chrom 5 equipped with
TCD as a detector). The powder calcined samples
(0.015 g) were activated in helium stream at 400 C for
30 min. prior the catalytic test. The volume of injected
substrates was 1 lL.
3 Results and discussion
Figure 1 shows the powder low-angle X-ray diffraction
patterns of a mesoporous tin phosphate as well as those of
the parent SBA-15 and CMK-3 which consecutively served
as templates. The smaller intensity of the SnPO 100
reflection indicates some decrease in structure ordering in
comparison to hexagonal SBA-15 structure. No reflection is
observed in the wide-angle region (not shown). In the case
of ordered mesoporous tin oxide, the low-angle XRD
exhibits intense reflections, moreover the wide-angle XRD
confirms the crystalline cassiterite (SnO2) structure (Fig. 2).
The transmission electron microscopy (TEM) images
show an intact long-range order with hexagonal symmetry
in the resultant tin oxide (Fig. 3) and in tin phosphate
(Fig. 4).
The mesoporous nature of the products is confirmed by
nitrogen adsorption. The isotherms show the shape
reminding the IV type of isotherm, characteristic for
mesoporous materials (Fig. 5). The BJH pore diameters,
the specific BET surface areas and pore volumes of all
materials, SBA-15, CMK-3, SnO2 and tin phosphate are
given in Table 1, (Fig. 6).
The substantial differences in the specific surface area
and total pore volumes could be consistent with the fact
that the densities of the respective materials increase in
order C \ SiO2 \ SnO2. However, the above-mentioned
partial loss of structural order also accounts for the lower
surface areas of mesoporous tin oxide and tin phosphate as
compared to that of SBA-15.












Fig. 1 XRD patterns of SnPO and SBA-15, CMK-3 matrices


















Fig. 2 Wide-angle and low-angle (inset) XRD patterns of ordered
mesoporous SnO2
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The synthesized materials exhibit some catalytic activity
in propan-2-ol decomposition. The prepared tin oxide
shows considerable catalytic activity with high ([90%)
selectivity towards acetone confirming the presence of red-
ox active sites typical of SnO2. The mesoporous tin phos-
phate leads the reaction towards propene which results
from action of acid sites. An ordering of mesoporous sys-
tem in the investigated samples does not improve the cat-
alytic efficiency. As a matter of facts the conversions
recorded under the same conditions over the samples pre-
pared with conventional templates who lost the pore
ordering upon the template removal was always markedly
Fig. 3 TEM images of
mesoporous tin oxide




























Fig. 5 Nitrogen physisorption isotherms of SBA-15, CMK-3 and
synthesized tin materials







SBA-15 740 0.86 7.1
CMK-3 1,306 1.26 3.8
SnO2 165 0.3 6.5
SnPO 91 0.2 8.6
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higher (*70%). Perhaps, the advantage of pore ordering
could be more conspicuous in catalytic reactions of bulkier
molecules, where reagent diffusion is an important factor
(Fig. 7).
4 Conclusions
The presented results indicated that the relatively well
ordered mesoporous tin oxide and tin phosphate can be
prepared by nanocasting with the aid of hard templates
(CMK-3 carbon and SBA-15 silica). Contrary to the
products obtained by hydrothermal synthesis with con-
ventional templates the resulting products show a high
thermal stability and they withstand severe treatment at
500 C (in order to burn out the CMK-3 carbon template).
Although the adopted nanocasting method is more complex
than the conventional hydrothermal methods, it showed for
the first time a possibility to obtain temperature resistant
ordered mesoporous tin oxide and tin phosphate. It is worth
underlining that resultant tin oxide is a hybrid material
consisting of crystalline walls.
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Fig. 6 Pore size distributions of SBA-15, CMK-3 and synthesized tin
materials
Fig. 7 Propan-2-ol decomposition test reaction
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